Objective: Cushing's disease (CD) can significantly impair patients' health-related quality of life (HRQOL). This study investigated the treatment effectiveness of pasireotide on HRQOL of CD patients, and assessed the relationships between HRQOL and urinary free cortisol (UFC) and CD-related signs and symptoms. Design: In this phase III, randomized, double-blind study, patients with UFC R1.5!upper limit of normal (ULN) received s.c. pasireotide 600 or 900 mg twice daily. The trial primary endpoint was UFC at or below ULN at month 6 without dose titration. Open-label treatment continued through month 12. HRQOL was measured using the Cushing's Quality of Life Questionnaire (CushingQoL) instrument at baseline and follow-up visits until month 12 during which clinical signs and features of CD, and the Beck Depression Inventory II (BDI-II), were also collected. Methods: Pearson's/Spearman's correlations between changes in CushingQoL and changes in clinical signs and symptoms were assessed. Changes in CushingQoL and the proportion of patients achieving a clinically meaningful improvement in CushingQoL were also compared among patients stratified by mean UFC (mUFC) control status (controlled, partially controlled, and uncontrolled) at month 6. Analyses were also conducted at month 12, with multivariable adjustment for baseline characteristics and CushingQoL. Results: Change in CushingQoL was significantly correlated with changes in mUFC (rZK0.40), BMI (rZK0.39), weight (rZK0.41), and BDI-II (rZK0.54) at month 12 but not at month 6. The percentage of CushingQoL responders at month 12 based on month 6 mUFC control status were as follows: 63, 58.8, and 37.9% in the controlled, partially controlled, and uncontrolled groups respectively. Adjusted CushingQoL scores at month 12 were 58.3 for controlled patients (DZ11.5 vs uncontrolled, PZ0.012) and 54.5 for partially controlled patients (DZ7.7 vs uncontrolled, PZ0.170). Conclusions: Pasireotide treatment can result in a meaningful HRQOL improvement among those who complete a 12-month treatment period, most often among patients achieving biochemical control.
Introduction
Cushing's disease (CD) has a significant impact on the physical, cognitive, emotional, and social well-being of patients (1, 2, 3, 4, 5, 6) . Although rare, CD is an extremely debilitating neuroendocrine condition caused by an adrenocorticotropic hormone (ACTH)-secreting pituitary adenoma. The surplus ACTH secreted by the tumor stimulates the adrenal glands to produce excess cortisol. The hypercortisolism and its complications lead to a wide range of signs and symptoms, including central obesity, facial fullness, facial rubor, hirsutism, striae, development of a posterior cervical fat pad ('buffalo hump'), delayed wound healing and bruising, generalized weakness and fatigue, wasting of proximal muscles, menstrual disorders, hypertension, glucose intolerance, diabetes mellitus, osteoporosis, gonadal dysfunction, sleep disturbances, depression, and cognitive dysfunction (7) . Previous studies report that the negative impact of CD on health-related quality of life (HRQOL) can persist despite successful endocrine treatment (2, 8) . Therefore, in addition to assessing biochemical response to a treatment, such as urinary free cortisol (UFC) levels, it is important to understand the severity and impact of CD on patients in their daily lives and to evaluate the impact of the treatment on HRQOL.
Transsphenoidal surgery is the primary treatment for CD (7) . However, not all patients with CD are candidates for surgery, and surgery is not always successful; 25-30% of surgical patients fail to achieve long-term remission (9) . Pasireotide (SOM230), a somatostatin analog that targets somatostatin receptors 1, 2, 3, and 5, is the first-approved drug therapy for CD that targets the pituitary adenoma. Activation of somatostatin receptors has been shown to inhibit ACTH secretion in vitro. In a phase II study, s.c. injections of pasireotide in CD patients demonstrated reduction in UFC after 15 days of treatment (10) . Based on these findings, a phase III randomized, multicenter, double-blind clinical trial was conducted to investigate the safety and efficacy of pasireotide in patients with CD (1) .
The objectives of this study were to investigate the treatment effectiveness of pasireotide on HRQOL, and to assess the relationship between HRQOL and UFC control and other indicators of CD severity using data from the phase III clinical trial of patients with CD.
Subjects and methods

Study sample
The phase III clinical trial enrolled 162 adult patients (aged R18 years) with confirmed persistent/recurrent or de novo CD. Patients were required to have a 24-h mean UFC (mUFC) at least 1.5!upper limit of normal (ULN; 145 nmol/24 h), morning plasma ACTH at least 5 ng/l, and a confirmed pituitary source of the endogenous hypercortisolism. Patients were randomized to twice daily (b.i.d.) s.c. pasireotide 600 mg (nZ82) or 900 mg (nZ80) after a 30-day screening period and appropriate washout of cortisol-lowering medications. Patients continued their randomly assigned dose until month 6 (double-blind treatment phase) if their month 3 mUFC was %2!ULN and less than or equal to their baseline mUFC. Patients not meeting mUFC criteria at month 3 were unblinded and their dose was increased by an additional 300 mg b.i.d. At month 6, all patients entered an open-label phase that continued up to month 12. During this open-label phase, the dose could be increased by 300 mg b.i.d. (to a maximum of 1200 mg b.i.d.) at any time if UFC was above the ULN. Dose reductions of 300 mg b.i.d. for drug-related adverse effects were permitted throughout the study. The primary trial endpoint was UFC at or below ULN at month 6 without dose up-titration. Per protocol, patients who had dose up-titration before month 6 were automatically assigned the mUFC status 'uncontrolled' at month 6. There were 78 patients who completed the 12-month trial (Fig. 1) . Missing data were not imputed for the analyses in this study.
The trial was approved by the Institutional Review Board at each participating center and was conducted in accordance with the International Conference on Harmonisation Guidelines for Good Clinical Practice and the Declaration of Helsinki. All patients provided written informed consent (ClinicalTrials.gov: NCT00434148). Details of the trial design and primary outcomes have been reported elsewhere (1) . and validated in patients with CD (6, 11) . The 12-item, patient-completed instrument has a 4-week recall period and includes items on sleep difficulties, pain, delayed wound healing, bruising, irritability, insecurity, concern about physical appearance, difficulty in maintaining social engagements and daily activities, memory, and concern about future health. Item scores, scaled from 1 to 5, are summed and standardized to form the CushingQoL score ranging from 0 to 100. Higher CushingQoL scores indicate more favorable HRQOL. An improvement in CushingQoL score O10.1 has been estimated as an initial threshold for a clinically meaningful change based on a distributionbased method (12) for defining a minimally important difference (MID) (13) .
Mean UFC " The mUFC was calculated using four 24 h urine samples collected during a 2-week time period before baseline visit and visits at months 3, 6, and 12. For this study, clinical response status was determined based on the mUFC level as follows: i) UFC controlled: mUFC%ULN ii) partially controlled: mUFCOULN and R50% reduction from baseline iii) uncontrolled: mUFCOULN and !50% reduction from baseline.
In addition, the following definitions were used to categorize UFC severity: i) normal: mUFC from lower limit of normal to %ULN ii) mild hypercortisolism: mUFCOULN to !2!ULN iii) moderate hypercortisolism: mUFCR2!ULN to !5! ULN iv) severe hypercortisolism: mUFCR5!ULN to !10! ULN v) very severe hypercortisolism: mUFCR10!ULN.
Clinical signs and features
weight (kg), and waist circumference (cm) were assessed. Sitting and standing systolic and diastolic blood pressure (mmHg), HbA1c, and fasting plasma glucose (FPG) were also collected. Clinical features associated with hypercortisolism were assessed through clinician-rated photographs taken at all visits. At each site, a physician with expertise in Cushing's syndrome (CS), blinded to the treatment allocation and visit schedule, reviewed the photographs and evaluated physical characteristics, including facial rubor, striae, bruising, supraclavicular fat pad, and dorsal fat pad, using the scale none, 0; mild, 1; moderate, 2; or severe, 3.
Beck depression inventory II " The patient-reported BDI-II (14) measures the intensity of depression over the past 2 weeks. The BDI-II has 21 items, each corresponding to a symptom of depression and rated from 0 to 3. Responses are summed to yield a total score ranging from 0 to 63 (with higher scores indicating more severe depression). Consistent with previous literature, patients were categorized into four groups based on BDI-II score (14) . These included minimal depression (0-13), mild depression (14) (15) (16) (17) (18) (19) , moderate depression (20) (21) (22) (23) (24) (25) (26) (27) (28) , and severe depression (29-63).
Analysis
The core analysis used data from the 78 patients who completed the 12-month trial. Baseline demographic and clinical characteristics were reported overall and by treatment arm. Analyses of the relationship between pasireotide treatment effectiveness and HRQOL were conducted using the pooled sample from both treatment arms. To evaluate the relationship between changes in CushingQoL and mUFC over time, changes in CushingQoL were estimated alongside with the changes in mUFC at baseline, months 3, 6, and 12 among completers and among all patients with measurements at those time points as a sensitivity analysis. Mean changes in CushingQoL by hypercortisolism level were also assessed at month 6, the primary endpoint with a double-blind study design, and month 12, the end of the trial. Correlations were computed, with correlation coefficients of 0.10, 0.10-0.5, and O0.5 representing weak, moderate, and strong associations respectively (15) . Pearson product moment correlation coefficients or Spearman's ranked correlation coefficients when the distributions were nonnormal were computed.
Paired t-tests were performed to evaluate the change in CushingQoL. An effect size was computed using Cohen's d (15) to describe the strength of change in CushingQoL at months 6 and 12. Effect sizes of 0.2, 0.5, and 0.8 represented small, medium, and large degrees of change respectively (15) . In addition, paired t-tests were conducted to assess the improvement observed on each of the 12 CushingQoL items from baseline to month 12. Multivariable regression analysis was conducted to assess the factors (i.e. age, gender, baseline CushingQoL score, and hyperglycemia status -defined by HbA1c R6.5% or FPG R126 mg/dl -at month 12) associated with the CushingQoL score at month 12 and to assess adjusted associations between CushingQoL scores and mUFC control status. A sensitivity analysis was conducted by including the dose of pasireotide (600 vs 900 mg) as one of the control variables.
Patients were classified as CushingQoL responders if they experienced an improvement from baseline in CushingQoL scores R10.1 MID threshold (13) . The percentage of patients classified as CushingQoL responders by month 12 were compared among subgroups by UFC control status at months 6 and 12. Finally, CushingQoL score changes from baseline to month 12 were compared with MID in patients who were controlled, partially controlled, and uncontrolled at 6 and 12 months.
To evaluate the association between changes in CushingQoL scores and other clinical signs, features, and depression, correlations across treatment arms were computed with changes in BMI, weight, waist circumference, standing and sitting systolic and diastolic blood pressure, facial rubor, striae, bruising, supraclavicular fat pad, dorsal fat pad, and BDI-II scores.
Results
Patients' characteristics
Baseline characteristics of the study completers are presented in Table 1 . Among the 78 study completers, patients were primarily female (86%) and white (82%), with an average age of 40.7 years and a persistent/ recurring CD status (85%). Baseline mUFC ranged from 195.0 to 5010.3 nmol/24 h (meanGS.D.Z782.0G873.6, medianZ510). In this sample, 19% of patients had mild hypercortisolism, 47% had moderate hypercortisolism, 23% had severe hypercortisolism, and 11% had very severe hypercortisolism.
The average systolic blood pressure was 130 mmHg and the average diastolic blood pressure was 86 mmHg, Association between CushingQoL and mUFC Figure 2 displays the mean mUFC values and CushingQoL scores at baseline and at all available follow-up visits to month 12. The trend shows that CushingQoL scores increased (indicating improved HRQOL) as mUFC levels declined/improved. The reduction in mUFC and improvement in CushingQoL scores from baseline were sustained throughout the 12-month treatment period. A similar pattern was observed in the full sample analysis including all patients who participated in the trial. The Spearman's rank order correlation between changes in CushingQoL and changes in mUFC was weak from baseline to month 6 (rZK0.05). However, a moderate and statistically significant correlation of K0.40 (P!0.01) was observed from baseline to month 12. The effect sizes for CushingQoL improvements from baseline to month 6 and from baseline to month 12 were moderately large (both effect sizesZ0.53). Table 2 presents the mean change in CushingQoL from baseline to months 6 and 12, stratified by hypercortisolism level. Patients who achieved a normalized cortisol level or mild hypercortisolism level at month 6 had an average improvement in the CushingQoL of 10-13.5 units from baseline. By month 12, patients who achieved a normalized cortisol or mild hypercortisolism level had an even greater improvement in the CushingQoL compared with baseline (13-15 units). Patients with moderate hypercortisolism level at month 6 had a 7-unit improvement from baseline in the CushingQoL; by month 12, patients in the moderate level had an average improvement of 3.5 units in the CushingQoL from baseline. Although there was a small sample size (nZ3), patients in the severe category at month 6 had an average improvement of 36.8 units in the CushingQoL from baseline, while at month 12, the average improvement in the CushingQoL from baseline was 7.6 units. By month 6, no patients who completed the trial were in the very severe category. Patients with very severe hypercortisolism at month 12 had an average decrease of 5.2 units in the CushingQoL from baseline.
In the multinomial regression analysis adjusting for covariates, expected CushingQoL score at month 12 was 58. Changes in CushingQoL items and total scores over time Table 3 presents the extent of improvement on each of the CushingQoL items from baseline to month 12. On average, ten of the twelve CushingQoL items showed a significant improvement by month 12, with the biggest improvements observed on the items 'worried about changes in physical appearance', 'worried about health in the future', 'trouble sleeping', and 'give up social/leisure activities' (all R20% improvement from baseline). Figure 3 shows the relationship between mUFC control status and the percentage of patients meeting the CushingQoL MID threshold. Based on the 10.1 MID threshold and stratifying by mUFC control status at the primary endpoint at month 6, the percentages of patients classified as being CushingQoL responders at month 12 were 63.0% (17 out of 27) in the controlled group, 58.8% (ten out of 17) in the partially controlled group, and 37.9% (11 out of 29) in the uncontrolled group. A similar pattern was observed when stratifying by month 12 mUFC control status, where percentages of CushingQoL responders at month 12 were 56.7% (17 out 30) in the controlled group, 69.2% (nine out 13) in the partially controlled group, and 33.3% (nine out of 27) in the uncontrolled group. The percentage of patients whose mUFC levels were controlled at month 6 and maintained at month 12, and who also met the CushingQoL responder threshold, were 63.2% (12 out of 19), whereas, notably, the percentage of patients who were partially controlled at both months 6 and 12 or who had controlled mUFC at one time point and partially controlled mUFC at another time point and met the CushingQoL responder threshold at month 12 was higher at 73.3% (11 out of 15). The percentage of patients who Association between HRQOL and other CD symptoms and signs
To assess the relationship between HRQOL and depression among CD patients, the correlations between baseline BDI-II and baseline CushingQoL item and total scores were estimated. The Spearman's rank sum correlation coefficients ranged between K0.27 and K0.70 (all P!0.001; Table 4 ). The strongest correlation was observed between the CushingQoL total score and the BDI-II total score (rZK0.70), indicating that greater impairment in CD-related HRQOL is associated with greater depression severity. Among the CushingQoL items, the strongest correlation with depression was observed with the item on 'less self-confidence, insecure', followed by 'affects everyday activities (e.g. working/studying)', 'give up social/leisure activities', 'pain keeps from a normal life', 'irritable, sudden mood swings, and angry outbursts', and 'difficult to remember things' (all rR0.50). Significant correlations (P!0.01) were also observed between changes in CushingQoL scores and changes in BMI (rZK0.39 at 6 months and K0.31 at 12 months), weight (rZK0.41 at 6 months and K0.32 at 12 months), and BDI-II score (rZK0.54 at 6 months and K0.59 at 12 months). A significant 4.9 reduction in the BDI-II score was observed at 12 months in UFC responders. No correlation was observed between changes in CushingQoL and changes in waist circumference, blood pressure, facial rubor, striae, bruising, supraclavicular fat pad, and dorsal fat pad.
Discussion
This study investigated the treatment effect of pasireotide on HRQOL using data from a phase III clinical trial of patients with CD, and assessed relationships between HRQOL and UFC control and other signs and symptoms of CD. A substantial HRQOL burden in patients with CD has been documented previously using the generic SF-36 Health Survey (8, 17, 18, 19) . Utilizing the disease-specific measure, CushingQoL, to capture the HRQOL concerns that are important to patients with CD, is necessary to fully understand the benefits of treatment from the perspective of a patient with CD.
Pasireotide can significantly improve HRQOL in CD patients as measured by the CushingQoL. The extent of the improvement on CushingQoL moderately correlated with improvement in mUFC across the 12-month treatment period. The majority of patients whose mUFC levels were controlled or partially controlled at month 6, and who maintained at least partially controlled status at month 12, had a clinically meaningful improvement on CushingQoL. At month 12, over 60% of patients with controlled mUFC levels and over 70% of patients with controlled or partially controlled mUFC levels reached the CushingQoL MID for improvement, whereas only onethird of patients in the uncontrolled group reached this threshold. It was also observed that by month 12, patients with a normalized cortisol level or mild hypercortisolism had substantial improvement in their CushingQoL scores. The mean CushingQoL improvement for patients in these two categories reached the MID threshold. Patients who maintained moderate or severe hypercortisolism level experienced little improvement in CushingQoL scores. The evidence herein suggests that declining UFC levels are associated with improvements in HRQOL.
This relationship between CushingQoL score and mUFC status was further supported by the multivariable regression analysis results. The only factors significantly associated with month 12 CushingQoL score were the baseline CushingQoL score and month 12 mUFC control status. After adjusting for other factors, patients with controlled mUFC at month 12 had a significantly better CushingQoL score than the uncontrolled patients. The improvements in HRQOL after pasireotide treatment were captured in the responses to multiple CushingQoL items. Many of such items are measured in other HRQOL instruments (e.g. sleep adequacy, pain, psychological distress, role and social activities, cognitive functioning, and worry about future health). Others are known to be important to patients with CD specifically (e.g. 'worry about the changes in physical appearance'). At the end of the pasireotide trial (month 12), except for two items (i.e. wounds and bruising), the changes in all other CushingQoL items indicated significant relative improvements from baseline, ranging from 11.3 to 40.4%. The biggest improvement was evident in the item 'worry about the changes in physical appearance'.
Changes in CushingQoL were moderately correlated with changes in clinical signs and symptoms assessed by BMI, weight, and depression. Changes in CushingQoL were not correlated with changes in blood pressure and clinical features such as facial rubor, striae, bruising, and posterior fat pad. This was probably due to the fact that the majority of patients had absent or mild CD features, leaving little room for improvement. Although it is well established that symptoms and HRQOL are associated, it is not clear whether clinical features would have an impact on patients' QOL.
This study builds on previous work on HRQOL in patients with CD and CS (2, 5, 8, 17, 20, 21, 22, 23) . Most of the previously published studies have been retrospective or have used small sample sizes. Several studies used single-item questions to assess the impact of CD or CS on HRQOL, or used generic instruments such as the SF-36 Health Survey (24) . For example, van Aken et al. (2) evaluated HRQOL in a retrospective study of 58 patients who had undergone treatment for CD and compared scores on four generic HRQOL instruments, including the SF-36, with published age-adjusted norms. Patients with CD had worse HRQOL scores than the general population, specifically in the domains of fatigue and physical ability. Lindsay et al. (8) conducted a study including: i) comparison of SF-36 domain scores in 23 patients before and after transsphenoidal surgery and ii) a retrospective study conducted comparing 343 CS patients in long-term remission who had undergone surgeries over a span of 25 years to age-and sex-matched controls.
Post-operative SF-36 domain scores of the 23 patients improved over pretreatment values. The average scores of six SF-36 domains of these CD patients did not differ significantly from those of the age-and sex-matched USA population. However, their physical component scores (i.e. physical functioning, role limitation due to physical health, and physical component summary) remained significantly impaired. Over the long term, the differences between 343 post-surgery CS patients in remission and their age-and sex-matched controls were large in all SF-36 domains, except for moderate impairment in mental health and bodily pain domains. Lindsay et al. concluded that CS was associated with impairment in HRQOL, which only partially resolves after surgery.
This study extends previous research, providing evidence that patients with CD have impaired HRQOL, using a disease-specific HRQOL tool specifically designed for patients with CD. By using CushingQoL, this study focused the HRQOL domains of greatest concern for patients with CD. As reflected in current analyses, successful treatment could help these patients achieve clinically meaningful HRQOL improvement, particularly among those who achieved biochemical control.
The longitudinal design of the phase III clinical trial was a major strength for examining the HRQOL improvements following treatment; however, there were several limitations of the study. One main limitation was the lack of a control group. At the time of this trial there were no approved medical therapies for CD and, for ethical considerations, all patients received active treatment. This study was also designed to allow open label dose up-titration starting at month 3 if their UFC was O2!ULN or above the baseline UFC. While this could potentially bias the patient-reported HRQOL outcome, it would not affect the determination of the mUFC control status at the primary study endpoint at month 6. This is because per protocol, patients who had dose up-titration before month 6 were automatically assigned the mUFC uncontrolled status at month 6. Another limitation was a lack of data utilizing the generic HRQOL instrument in this study, leaving a question about association between diseasespecific HRQOL and broader general HRQOL in this population, as demonstrated in clinical practice (11) . A further limitation stemmed from the definition of MID by Nelson et al. (13) , which used the same population as the current study. In addition, we did not assess whether side effects could be dose dependent and whether such a potential effect could have an impact on the HRQOL benefit. This is an interesting topic that warrants future research. Finally, an additional concern was the small sample size, with 78 patients completing the 12-month trial. In a sensitivity analysis of the full study sample, improvements in CushingQoL and mUFC over time were consistent with those observed in the 12-month completers. Future research should collect long-term data on UFC and both CD-specific and generic HRQOL to further investigate if long-term biochemical control leads to sustained improvements in HRQOL.
Evidence from this study supports the associations between HRQOL and biochemical control status, other symptoms/signs and mental health (e.g. as measured by BDI-II) in patients with CD. This study found that pasireotide can be effective in improving HRQOL in patients with CD. Improvements were greatest when patients achieved a controlled UFC status (the CD biochemical marker) upon treatment. The disease-specific measure, CushingQoL, adequately captured the HRQOL burden of CD at baseline and identified improvements in HRQOL that were meaningful to patients upon effective treatment.
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